Loop residues of thrombin-binding DNA aptamer impact G-quadruplex stability and thrombin binding.
The thrombin-binding DNA aptamer (TBA) 5'-d(GGTTGGTGTGGTTGG)-3' forms a G-quadruplex that is necessary for binding to the coagulation factor thrombin. The stability of the G-quadruplex of TBA when bound to thrombin and potassium ion (K(+)) were investigated for the wild-type oligonucleotide and for mutants in which thymine residues were substituted by adenine. In the presence of thrombin, G-quadruplexes formed by oligonucleotides in which the fourth or thirteenth residues were changed (T4A and T13A, respectively) were more unstable than that of wild-type, whereas T3A, T7A, T9A and T12A were more stable. The opposite effect was observed in the presence of 100mM K(+): the G-quadruplexes formed by T4A and T13A were more stable and T3A, T7A, T9A and T12A were more unstable than that of wild-type. Isothermal titration calorimetry measurements indicated that the binding constant of the interaction between T3A, T7A, T9A and T12A mutants and thrombin at 25°C were close to that of wild-type, whereas T13A was significantly lower and T4A did not appear to bind to thrombin. Therefore, the stabilization of the G-quadruplex structure of TBA by thrombin appears to be due to an interaction between certain thymine nucleobases rather than to the quadruplex structure. The present study demonstrates that thrombin stabilizes the G-quadruplex via the interaction with residues in the loops but not via direct stabilization of G-quartets.